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We have previously shown that 193 nm excimer laser irra-
diation cleanly and effectively ablates avascular tissue with 
minimal thermal damage to surrounding adjacent structures. 
In this study, the 193 nm excimer laser is used to remove 
guinea pig epidermis in vivo. The epidermis can be totally 
T he major advantage of laser therapy over conventional surgery is the ability to destroy pathologic lesions while maximally preserving normal tissue. This may be accomplished in one of three ways. If a natural optical absorption advantage exists in the target tissue, 
choosing the appropriate wavelength and pulse duration will con-
fine the laser damage to the target chromophore while minimizing 
injury to surrounding normal tissue [1 J. This approach has been 
successfully used in the treatment of portwine stains with a flash-
lamp pumped tunable dye laser [2-5]. The target chromophore in 
this instance is oxyhemoglobin, which specifically absorbs the 
577 nm laser energy. In addition, the pulse duration is adjusted in 
such a way to allow destruction of only the erythrocytes and the 
ectatic vessels which are inherent in these birthmarks [6]. The ap-
propriate pulse duration is determined by calculating the thermal 
relaxation time of the target tissue, the latter being directly propor-
tional to the square of the diameter of target tissue and inversely 
proportional to the thermal diffusivity of the tissue. Thermal relax-
ation is defined as the time required for a target to cool from the 
temperature immediately following the laser pulse to one half of the 
original value. If the laser pulse duration is equal to or less than the 
thermal relaxation time of the target, the damage can be confined 
only to that target structure [7,8] . This approach works very well in 
those lesions containing the natural chromophore hemoglobin, but 
unfortunately there are very few natural chromophores in tissue 
with an optical absorption advantage over surrounding tissue. One 
other natural chromophore is melanin. The optical absorption ad-
vantage of melanin at 694 nm has been used to selectively destroy 
normal melanocytes at the dermal-epidermal junction [9]. How-
ever, it has not yet been clinically possible to use this technique to 
selectively destroy benign nevi or malignant melanomas. 
The majority of pathologic skin lesions do not have an optical 
absorption advantage over the surrounding normal tissue. One ap-
proach to this problem is the use of exogenous chromophores, 
which, if selectively deposited in the pathologic tissue, establish in 
that tissue an optical absorption advantage. The exogenous chro-
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ablated with thermal damage extending only superficially 
into the dermis. Reepitheliazation of the ablated area takes 
place in 1 week or less. This technique may be applicable to 
the removal of benign epidermal lesions. ] Invest Dermatol 
91:532-535,1988 
mophore may be applied topically, injected intralesionally, or given 
systemically [10 -11]. Once specific uptake has been achieved, the 
approach to laser treatment is identical to that for natural chromo_ 
phores. Unfortunately, specific exogenous chromophores have not 
yet been developed for practical clinical dermatologic use. 
If an endogenous or exogenous chromophore is not available, a 
third approach may be utilized. Spatial selectivity allows surface 
lesions to be ablated with minimal transfer of thermal energy to 
underlying tissue. If the pulse duration is less than the thermal 
re laxation time, then thermal injury is confined to an area approxi-
mating the penetration depth of the laser radiation. We have shown 
that excimer laser 193 nm radiation is capable of such precise tissue 
removal at repetition rates of up to one hundred pulses per second 
[12]. However, this technique only works well for avascular lesions. 
Once bleeding occurs, the laser energy is mostly absorbed by the 
erythrocyte membrane proteins and phospholipids and tissue abla-
tion ceases. Weare reporting the application of this technique to 
successfu lly ablate guinea pig epidermis in vivo with minimal dam-
age to the underlying dermis. 
MATERIALS AND METHODS 
A Lambda Physik EMG 103 E laser was used for all experiments. 
Maximum achievable repetition rate was 200 Hz with a pulse dura-
tion of 17 nsec at 193 nm. The laser beam, of approximately 6 X 
20 mm, exited horizontally and was focused using a 50 cm F.L. 
planoconvex quartz lens. A Gentec E.D. 200 power meter was used 
to measure energy per pulse. Cross-sectional beam area at the site of 
irradiation was measured from the damage profile created by the 
beam on previously unexposed film. The energy density per pulse 
was obtained by dividing the energy per pulse by the cross-sectional 
beam area. The beam energy was attenuated with infrared grade 
quartz discs of varying thickness and spotsize was adjusted to obtain 
the desired energy. Final spotsize was 2 X 5 mm. 
Four albino female Hartley guinea pigs, each weighing 400-
800 g, were shaved and epilated under general anesthesia using a 
mixture of melted beeswax and resin in a 1: 4 ratio, 48 h prior to 
laser irradiation. Intramuscular ketamine (50 mg/ml) at a dose of 
40 -100 mg/kg was llsed to anesthetize the guinea pigs prior to 
epilation, during laser exposure, and before skin biopsies were 
taken. Each anesthetized guinea pig was placed on an adjustable 
metal platform aligned perpendicularly to the laser beam. 
An energy of 500 mJ /cm2 per pulse was delivered using a repeti-
tion rate of 10 pulses per second. Each guinea pig received 50,100, 
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and 200 pulses to four separate e~i lated sites of skin. This resulted in 
a total of 25,50, 75, and 100 ]/cm2 , respectively. Four millimeter 
punch biopsies were taken immediately following exposure of the 
skin to each pulse number as well as after 3, 7,11, and 14 d follow-
ing laser irradiation. The tissue was then fixed in 10% formalin and 
processed for light microscopy using hematoxylin and eosin. 
Results (Clinical) Ablation of the epidermis proceeded cleanly 
and efficiently up to the maximum of200 pulses. There was no sign 
of either bleeding or gross thermal injury (whitening of skin) in or 
immediately adjacent to the ablated areas following exposure of skin 
to both 50 and 100 pulses. However, scattered pinpoint bleeding 
first appeared when the skin was exposed to between 100 and 150 
pulses. After 200 pulses, pinpoint bleeding was present throughout 
Figure 1. A : Partial ablation of epidermis fo llowing exposure to 100 pulses. 
B: High-power view showin g therl11ally altered area immediately adjacent 
to site of epidermal ablation. C: Complete reepithclization within 3 d of 
laser exposure. 
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Figure 2. A: Complete ablation of epidermis following exposure to 150 
pulses with minimal thermal injury to adjacent areas (B). 
the ablated 2 X 5 mm area, but no gross thermal damage was clini-
cally evident in tissue surrounding the ablated site. 
Reepithelialization of the ablated sites exposed to 50, 100, and 
150 pulses was complete at 3 d. Unlike changes already described 
for those sites irradiated using up to 150 pulses, the areas which 
received 200 pulses took longer to heal and did not completely 
reepithelialize until 7 d following laser exposure. Clinically, the 
hea led epidermis was difficult to distinguish from non-irradiated 
skin. 
Results (Histological) Biopsies taken immediately following ex-
posure to 100 pulses showed partial ablation of the epidermis, cen-
trally (Fig lA). The rest of the epidermis immediately adjacent to 
this centra l area was thermally altered by the 193 nm laser irradia-
tion (Fig IB). Histologically, thermal il~ury consisted of coagula-
tion necrosis of both the epidermis and dermis. In addition, thermal 
damage to the underlying dermis was only minimal. Following this 
injury, the epidermis had completely reepithelialized within 3 d 
(Fig Ie). Histologically, there was effacement of the rete ridge 
pattern and dermal fibrosis that extended only 8 J.lm below the 
dermal-epidermal junction. In addition, only minor differences 
were noted between the biopsies taken at 2 weeks and those taken at 
7 and 11 d following exposure of skin to 100 pulses of 193 11m 
irradiation. 
The depth of ablation following 150 pulses extended to 250 
microns (Fig 2A). The epidermis in this case appeared to be totally 
ablated except for that portion surrounding the deeper hair follicles. 
Even though the epidermis was effectively ablated, only minimal 
thermal il~ury was seen around the edge of the ablated crater, ex-
tending only a few microns laterally and 90 J.lm into the underlying 
dermis (Fig 2B). Again, reepithelization of this area appeared com-
plete by 3 d. Skin biopsies taken after 1 week of laser exposure 
demonstrated the presence of dermal fibrosis extending 150 J1.m 
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Figure 3. A: Entire epidermis is ablated by 200 pulses of 193 nm irradia-
tion. Collagen immediately adjacent to the ablated site appears totally unaf-
fected (B) . . 
into the dermis. T his histologic change was found to extend to a 
maximum depth of 250 11m by 2 weeks after laser exposure. 
In contrast to the other repetition rates, 200 pulses of 193 nm 
laser irradiation resulted in the removal of the entire epidermis (Fig 
3A). The resulting ablated area was 520 11m deep with damage to 
the underlying collagen (as evidenced by the presence of bluish 
tinged agg lutionated masses of collagen) extending to a depth of 
240 11m. Collagen beyond this depth appeared totally unaffected 
(Fig 3B). Reepitheliazation in this case was not complete until 1 
week after laser exposure; at this time dermal fibrosis was seen to 
extend to a depth of 270 11m. Final biopsies taken at 2 weeks post 
ablation demonstrated that dermal fibrosi s was present to a depth of 
300 11m. 
DISCUSSION 
The excimer laser at a wavelength of 193 nm is capable of precise 
tissue removal while minimally damaging the immediate adjacent 
structures. Hence, in vivo normal guinea pig epidermis can be effi-
ciently removed using the excimer laser. In addition, pinpoint 
bleeding at the site of laser irradiation may be used as a clinical 
endpoint of complete epidermal removal. With the onset ofbleed-
ing, further tissue ablation ceases; this is consistent with previous 
observations [12]. The thermal damage resulting from ablation of 
the epidermis extends to a maximum depth of250 J1.m. Histology of 
the healed ablated skin at 2 weeks shows the presence of minimal 
fibrosis. Clinically, the healed ablated area is difficult to differen-
tiate from normal adjacent skin. 
The main clinical application of the excimer laser at the wave-
length of 193 nm may be the removal of hyperkeratotic epidermal 
lesions. These include seborrheic keratosis, warts, and epidermal 
nevi. Seborrheic keratosis are readily removed by curettage and laser 
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treatment should rarely, if ever, be necessary for their removal. 
Warts are currently treated with a variety of cytodestructive agents. 
The carbon dioxide (C02) treated warts suffered similar recurrence 
rates as those treated by cryosurgery, hence, discounting previous 
reports of advantages of the laser over conventional methods for 
clearing these lesions [13 - 15]. 
At a wavelength of 193 nm, the excimer laser has a shorter pene-
tration depth into tissue than the 10,600 nm carbon dioxide laser. 
The excimer laser pulse duration is on the order of nanoseconds, 
while the conventional carbon dioxide laser is generally used in a 
continuous wave mode or at the shortest, millisecond pulses. Theo-
retically, the shorter pulse duration and penetration depth should 
all ow superior control of th e excimer laser energy with less result-
ing thermal damage to normal underlying tissue. Finally, epidermal 
nevi, which may involve large areas of the body, are disfiguring and 
are very difficult or impossible to treat at present. Attempts have 
been made to remove these lesions using surgery or dermabrasion. 
These procedures have either resulted in widespread scar formation 
or recurrence of the epidermal nevus. 
Follow-up studies are necessary to assess wound healing in a nor-
mal animal model over a prolonged period of time using the ex-
eimer laser. If satisfactory results are obtained, clinical trials treating 
abnormal lesions are warranted . 
A major concern in using ultraviolet radiation, especially uve, is 
its potential for carcinogenicity. This has been addressed in the 
study by Green et al [16]. They showed that although radiation at 
248 nm induced DNA damage (as measured by unscheduled DNA 
synthesis) in a zone of cells surrounding the ablated area, this was 
not evident following irradiation at 193 nm. They suggested that 
this was due to shielding of DNA from 193 nm irradiation by cellu-
lar membrane and cytoplasmic chromophore DNA damage not 
repaired by excision repair, or local thermal effects inhibiting exci-
sion repair. Because a powerful source of UVC below 200 n111 has 
been available for only a few years, long-term studies addressing 
mutagenicity and carcinogenicity of 193 n111 radiation have not 
been done. Further study is necessary to clearly understand the 
malignant potential, if any, of 193 nm radiation. 
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SECOND ASIAN DERMATOLOGICAL CONGRESS 
This Congress wi ll be held November 23-26, 1989, in Singapore and w ill serve as a forum 
for scientists, research workers and clinicians involved or interested in the latest advances in 
dermatology, Towards this end , there will be plenary lectures and symposia of a wide variety 
as well as pre- and post-Congress workshops and free communication sessions. For further 
information contact: Dermatological Society of Singapore, c/o N ational Skin Centre, 1 
Mandalay Road, Singapore 11 30, C hina. 
